The group R streptococcal group antigen has been shown to be a polysaccharide located at the surface of the cell wall of the organism. The antigen was extracted from cell walls in 0.05 N HCI or 5% trichloracetic acid at 100 C, from whole cells at room temperature in 0.85% NaCl or 0.1 M acetate (pH 5.0), and by sonic oscillation. The antigen is largely destroyed when extracted from whole cells in 0.05 N HCI at 100 C. Acetate is recommended for routine extraction. Group R streptococci are beta-hemolytic, bacitracin-sensitive organisms which have been isolated from septicemic infections in pigs (2), and meningitis and septicemia in man (9). The cell walls of the R streptococci are known to contain rhamnose, glucose, and galactose (1, 11, 14) , and acid extracts of the walls give positive precipitin reactions with anti-whole cell sera (2). No information is available on the chemical composition, structure, and immunological specificity of the R group antigen, although it would appear likely that the antigen is a polysaccharide located in the cell wall. In view of the importance of such polymers to the structure and composition of the wall, and the antigenicity of the cell, it was of interest to examine the location and nature of the streptococcal group R antigen. A preliminary report has been presented (P. R. Soprey and H. D. Slade, Bacteriol. Proc., p. 73, 1971).
Group R streptococci are beta-hemolytic, bacitracin-sensitive organisms which have been isolated from septicemic infections in pigs (2) , and meningitis and septicemia in man (9) . The cell walls of the R streptococci are known to contain rhamnose, glucose, and galactose (1, 11, 14) , and acid extracts of the walls give positive precipitin reactions with anti-whole cell sera (2) . No information is available on the chemical composition, structure, and immunological specificity of the R group antigen, although it would appear likely that the antigen is a polysaccharide located in the cell wall. In view of the importance of such polymers to the structure and composition of the wall, and the antigenicity of the cell, it was of interest to examine the location and nature of the streptococcal group R antigen. A preliminary report has been presented (P. R. Soprey and H. D. Slade, Bacteriol. Proc., p. 73, 1971 ).
MATERIALS AND METHODS
Streptococcal cultures and extracts. The streptococcal strains were kindly provided by C. E. de Moor, adjusted to pH 7 with NaOH, and the volume was brought to 2 ml. The buffer and saline extracts of whole cells were prepared by stirring the lyophilized cells for 10 min in 0.1 M sodium acetate buffer (pH 5.0) or in 0.85% NaCl. The extracts were filtered through a membrane filter (Millipore Corp.; 0.45 hm), and the filtrate was tested for the presence of the antigen by the precipitin test.
Cell walls were prepared as previously described (14) and then extracted either at 90 C with 5% trichloroacetic acid (12) or with 0.05 N HCl at 100 C for 10 min (16) . The trichloroacetic acid extracts were freed of the acid by extensive dialysis against water and then were lyophilized. The HCI extracts were neutralized with NaOH. Both extracts were tested for the presence of antigen by the capillary precipitin test (16 Antiserum was prepared in rabbits by injections of lyophilized whole cells as previously described (14) . Thin-layer chromatography was carried out as previously described (15) .
Acid hydrolysis of the antigen. The antigen was hydrolyzed in 6 N HCl (2 mg/ml) for 12 hr at 100 C for hexose analysis or in 1 N H2SO4 (2 mg/ml) at 100 C for 4 hr for pentose analysis. The hydrolysates containing HCI were dried over P205 and NaOH under vacuum, and those containing H2SO4 were neutralized by the addition of Amberlite beads (COt2-form). In the latter case, the solution was withdrawn by pipette, the beads were washed several times with water, and the solution was made to a known volume. Any insoluble material was removed by centrifugation. Analytical methods. Determinations of glucose, glucosamine, glycerol, phosphorus, and rhamnose were performed as previously described (8) . Acetylated hexosamines were determined by a modification of the method of Reissig et al. (5) and total hexoses by the procedure of Dubois et al. (3) . An equimolar mixture of glucose and galactose served as standard in the latter case. The release of glucose from the antigen by Figure 3 shows the elution pattern of the extract. Each of the six fractions contained antigen; however, it is evident that fractions 4, 5, and 6 contained the bulk of the active material. The yield of each from 10 g of dry cells is given in Table 2 . Fractions 4, 5, and 6 contained 90%O of the material eluted from the column.
The immunodiffusion characteristics of each fraction are shown in Fig. 4 . It is evident that at least two antigens are present in fractions 1 and 2; however, only one of these antigens is apparent in the remaining four fractions. The sharpness of the precipitin band between fractions 3 and 6 indicates considerable purification of the antigen during passage through the column. It is clear from Fig. 5 The qualitative composition of fractions 4, 5, and 6 was determined by thin-layer chromatography after acid hydrolysis at 100 C in 1 N H2S04 for 6 hr. Figure 7 shows that fractions 4, 5, and 6 are composed principally of glucose, galactose, glucosamine, and lesser quantities of rhamnose and galactosamine. The complete quantitative analysis is given in Table 3 . Rhamnose, although showing only traces on thin-layer chromotography, was present in significant quantity. The four six-carbon compounds make up 70 to 80% of the material analyzed. The protein content, based on the sum of the amino acids separated by chromatography, is less than 3% in each fraction, and glycerol, based on gas chromatographic analysis, is absent. The absence of ribitol ( Fig. 7) and glycerol and the lack of appreciable quantities of phosphorus show that the polysaccharide antigen fractions do not contain significant quantities of teichoic acids or phosphorylated sugars. Muramic acid is absent in fractions 5 and 6; thus, it is unlikely that cell wall peptidoglycan is present. Figure 8 illustrates the precipitin curves of fractions 4, 5, and 6 against 734 antiserum. The equivalence points are 5 ,ug for fraction 4, 3.5 ,ug for 5, and 2.5 ,ug for 6. Table 4 shows the inhibitory effect on the precipitin reaction of a number of mono-, di-, and tetrasaccharides when tested at the equivalence point. Of the four constituent hexoses, galactose possesses a significant effect, especially for a single hexose. Stachyose, a tetrasaccharide containing a-Dgalactose-a-D-galactose in terminal position, was approximately twice as effective an inhibitor as D-galactose over the range of 1 to 20 ,umoles. (Table 5) . Consequently, an alpha-linked terminal location for immunodominant D-galactose sugar is indicated. Lactose, which contains galactose in beta form, was a weak inhibitor. The effects of glucose and glucosamine indicate that these hexoses also participate in the specificity of the antigen, although not as extensively as galactose. Rhamnose and N-acetylglucosamine, on the other hand, do not appear to contribute to this property of the antigen. (Fig. 4) . This antigen, however, is sensitive to acid and will cause no interference in the identification of the R streptococci if antigen extracts are prepared with 0.01 N HCl. In the present work, this antigen has been separated from the group antigen by column chromatography.
The ease of removal of the antigen from the whole cell (Table 1) indicates a surface location on the cell wall. India ink preparations of cells in culture fluid did not indicate a capsular structure; however, when antiserum was added, a modest swelling of a capsule-like structure occurred. The location of the antigens at the cell surface may be related to their sensitivity to acid. Acetate (0.1 M, pH 5.0) is recommended for the routine removal of the R antigen.
The data in Tables 4 and 5 indicate that galactose in terminal alpha linkage plays a significant role in the immunological specificity of the antigen. No other streptococci are known to depend on a-galactose for specificity in either group or type polysaccharide antigens. However, the type 4 antigen of the F streptococci possesses specificity principally attributable to galactose in beta linkage (18) , as do a pH 2-resistant fraction of the group B type II antigen (4, 6) , and a type antigen of Streptococcus salivarius (G. C. Kothari, Ph.D. thesis, University of Utrecht, 1968). aGalactose specificity is known to function in several of the pneumococcal capsular polysaccharides (10) and somatic and capsular polysaccharides of the Enterobacteriaceae (7). The inhibitory effects of f-cellobiose and D-glucose ( 
